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Method: O Quantics Tensor Train (QTT A O—O—O
4 4 4. 48

I. V. Oseledets, Dokl. Math. 80, 653 (2009)
B. N. Khoromskij, Constr. Approx. 34, 257 (2011)

Quantics representation
Discretization based on binary representation.
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The bond dimension x, does not depend on R (low-rank structure).
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— Exponential resolution with linear memory!
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Method: O Quantics Tensor Train (QTT A—O—O—C
4 4 4. 48

Integration in QTT format

Once the TT representation is constructed, summation and integration can be performed efficiently.

Discretization error (exponentially small). ®_ (1)
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\ The computational cost is O(x*L + x>L).

Error when converting to TT.
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Method: @ Tensor Cross Interpolation (TCI

Y. N. Fernandez et al., PRX 12, 041018 (2022)

The bottleneck is the high-dimensional integration of the Feynman diagrams.

B B
¥(1) = Z / dry - / drg Goyeoon,, (T, T1, -+, Td)
N Mn 0 0
OMC Tensor Cross Interpolation (TCI) ; 5
. . # 1072 4 ; 77777777777
* important sampling * local sampling from the state space. 7 1
* convergence~ 1/v N * based of low-rank structure %10—4 0w b
° 1 1 4 e 1N
negative sign problem « converfence ~ 1/ N2 S| T
* avoid the negative sign problem Y
10 4 I6
Perturbation expansion of single impurity Anderson model — 10 13

Integration using the tensor network
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Method: @ Tensor Cross Interpolation (TCI A O—O—C
4 4 45 48

S. Dolgov et al., Comput Phys Commun 246, 106869 (2020)
Y. N. Fernandez,..., H.shinaoka, X.Waintal, arXiv:2407.02454 (2024)
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Estimating a tensor train by adaptively sampling a function.
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Previous studies focus on What about multi-orbital systems required
single-orbital Anderson impurity model. for real materials?

Main question

* Does a multi-degree-of-freedom system have a low-rank structure?

* How can we avoid the ergodicity problem in multi-degree-of-freedom systems?

Low-rank structure of Feynman diagrams in a multi-orbital electron—phonon model!
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Model : Self-energ

Self-energy for electrons First-order calculations are done without using
2(1) Z g D77 : qu e (7) \72 the tensor network.
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The bond dimension is suggested not to diverge at low temperatures. H. Takahashi er al., arXiv:2403.09161
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Model : Multi-orbital electron-phonon model
OO0

Multi-orbital electron-phonon model Y- Kagaeral, PRB21, 214516 (2022)
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Result : Hi

need error convergence

v" Quantum Monte Carlo (1/vN )

Convergence : :
v' TCI (without Quantics, 1/N?).
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The interpolation error decreases exponentially regardless of the a and T'!
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Result : Local updates vs Global updates
OO0

Global search [Maximum error! ] = Add global pivot
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Global updates improve stability and accuracy.
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Summary and Outlook A O—O—C
4 4 4 4
Summary
1. Regardless of the magnitude of the external field, both the electron and

phonon self-energies have low-rank structures.

2. We can avoid the ergodicity problem by combining the local and the global updates

Outlook E E

1. Investigation of the low-rank structure in higher-order

Feynman diagrams with/without QTT. irE

2. Replace the quantum Monte Carlo with QuanticsTCI.
arXiv:2405.06440v3
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